Previous total-energy calculations for bulk Gao 5Ino 5P alloys have demonstrated that the lowestenergy configuration at T=O corresponds to phase separation into GaP+InP, followed by the ordered GaInP2 chalcopyrite phase as the next lowest state; the (111)-ordered CuPt-like superstructure is predicted to lie at a much higher energy. Yet, vapor-phase crystal growth has shown CuPt-like long-range ordering in relatively thick Gao 5Ino 5P films grown on a lattice-matched (001) GaAs substrate. We present here first-principles local-density total-energy calculations for Ga05Ino 5P/GaAs(001) in various twodimensional structures, each having a free surface. For one-monolayer coverage, we find electronically driven surface reconstructions, consisting not only of the previously known cation dimerization, but also of buckling and tilting of the surface dimers. These considerably stabilize the CuPt-like surface topology over all other forms of surface order, including phase separation. Furthermore, a Ga/In layer covered by three monolayers still exhibits a significant energy preference (relative to kTg, where Tg =900 K is the growth temperature) for the CuPt structure. If complete atomic mobility were to exist irrespective of how deeply buried the atoms are, we would then expect that the surface-stable CuPt ordering would exist in the near-surface regions, whereas deeper layers would revert to the bulk-stable structures. Since, however, surface atomic mobilities are far larger than bulk mobilities, it is possible that surfacestabilized structures will be frozen in and consequently ordering will propagate into macroscopic film dimensions. In light of our results, we describe several possible ways that surface effects could lead to long-range CuPt-like ordering.
The results of quantitative first-principles total-energy calculations for a number of IV-IV, III-V, and II-VI in- tersemiconductor compounds in various structures' can be summarized in light of the above analysis, thus addressing the question posed in the title of this section, as follows.
(i) In size matched -pseudobinary systems (e.g. , AIAsGaAs or CdTe-HgTe), the constituent-strain and strainrelief energies vanish separately for all structures. Hence, the stability order is determined by the short-range chernical interactions, which are weakly repulsive. The lowest energy then corresponds to phase separation, followed by the (111)superstructures and by the random alloys as the next lowest energy phases. We hence do not expect, on the basis of thermodynamics, any ordered bulk intersemiconductor compounds in this class of materials.
(ii) In size mismatche-d binary systems there are two cases. First, in Si& "Ge the stability sequence is phase separation, followed by the random alloy, then the rhombohedral RH1 structure. Here, phase separation into Si+Ge is favored both by vanishing strain and chargeexchange energies, both of which are positive in the com- (CH) surface of GaInP2. The atoms for Ga (white), In (grey), and P (black) on top of a (001) substrate GaAs layer (white). (a) Relaxed but undimerized, (b) Fig. 4(d) ]. This tilt is natural for surfaces with heteropolar dimers (c and e), but constitutes a symmetry breaking for the other surfaces [see Fig. 3(b) (b) shows an In dangling-bond state (highest occupied state), and (c) and (d) show the deeper Ga-Ga and In-In p bonding states. in a "dangling-bond" (lone-pair) state [ Fig. 5(b) ]. Hence, the high atom acts as an "anion, " receiving electrons from the low atoms that behave therefore as "cations. "
The lowest unoccupied state is a bonding p"state on the low dimer [ Fig. 5(a) Fig. 3(c) Fig. 2. For the c, d , and e surfaces we show the two variants with Ga up (denoted 1) and In up (denoted 2). Parts (d*) and (e*) give the geometries for the ionized d and e surfaces. In addition to bond lengths and bond angles, the heights (in parentheses) of the Ga (white) and In (grey) atoms over the P (black) subsurface layer, and the approximate direction and magnitude of the horizontal displacement of the P atoms from their ideal zinc-blende positions are given. Individual We next ask how surface energies are modified when the cation layers are covered by phosphorus. We denote this first subsurface layer by h =1. As before, we use a 2X2 unit cell and calculate the energies of the prototype topologies (a, b, d and e on a GaAs substrate) but all covered by a single monolayer of P that is allowed to dimerize. The P-P dimer length is found to be shorter than the Ga-In cation dimer length, leading to much larger subsurface relaxations (compare the cation surfaces in Figs. 3 and 4 with the anion surface illustrated in Fig. 8 ). For this reason we exclusively used a singlesurface slab with 7-, '-monolayer thickness. The resulting dimer geometries are tabulated in Fig. 9 . In addition to the dimerization we observe a buckling of the alternate dimers. The buckling is less than that for the cation sur- (a) and with the buckling removed (b). (a) [«0] (b) [110] D. Results for h =5 (c) [«0] h=3 (d) 
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For h =5 shown in Fig. 13 
